Comparison of Propranolol
and Hydrochlorothiazide for the
Initial Treatment of Hypertension

. Results of Short-term Titration With Emphasis on
Racial Differences in Response

Veterans Administration Cooperative Study GroUp on Antihypertensive Agents

® We compared hydrochlorothlazide and propranolol hydrochloride for
monotherapy of hypertension by a double-blind study of 683 men who were -
titrated to less than 90 mm Hg diastolic BP or to 640 mg of propranolol or
200 mg of hydrochiorothiazide. Propranolol reduced systolic BP from
146.0+ 14.4 (SD) to 134.8 + 16.3 mm Hg and diastolic BP from 101.6 4.6 to
90.5+:7.6 mm Hg. Hydrochiorothlazide lowered both systolic BP more
effectively from 146.5+ 15.8 to 128.8 £ 12.2 mm Hg and diastolic BP from
101.3::4.5 to 89.4:6.5 mm Hg. In blacks, hydrochlorothiazide lowered
gystolic BP 20.3+14.3 mm Hg v 8.2+12.2 mm Hg for propranolol;
hydrochlorothlazide reduced diastolic BP 13.0+7.0 mm Hg v 9.5+7.0 for
propranoiol. In whites, the systolic BP reductions were 15.3 + 12.0 mm Hg for
“hydrochiorothiazide v 13.2+ 13.1 mm Hg for propranolol; diastolic BPs were
-10.9+5.7 mm Hg for hydrochlorothiazide and 12.6+6.6 mm Hg for
propranolol. In blacks treated with hydrochlorothiazide, 71.3% achieved
diastolic BP of less than 90 mm Hg, v 53.5% with propranolol. There was no
racial difference in dose response to propranolol, but blacks required much
‘tess hydrochlorothiazide to achieve control. We conciude that in this
short-term study propranolol was as efficaclous as hydrochlorothiazide In ‘
whites, but the latter was more effective than propranoiotl in blacks
(JAMA 1982;248:1996-2003) -

ALTHOUGH its exact mechanism of
action remains unknown,' propranolol
hydrochloride and related $-adrener-
- gie blocking drugs have become some

of the most important antihyperten- .
. sive " agents other than thiazide
diuretics. Propranolol is remarkably

free of’diétﬁrbing’side effects,’ and

‘one authority .in the United States
_ now recommends that it be used in

place of thiazides as “step 1”7 in the
“gtep-care method” for treating hy-
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pertension’ as it has been used in
Europe. This trend is accentuated by
the fact that diuretics commonly
induce a variety of biochemical side

effects,’ including hypokalemia, hy--
. " peruricemia, and hyperglycemia, and

most recently have been associated
with increased levels of serum choles-
terol and triglycerides.” Some au-
thorities also believe that thiazides
cause impotence and other subjective
side effects.”

A Veterans Administration Coop-
erative Study comparing propranolol
alone and in various combinations
with other drugs to a standard regi-
men of hydrochlorothiazide and re-
serpine’ indicated that, although not
as effective as the standard regimen,
propranolol alone controlled the BP
in 52% of patients with mild to
moderate hypertension, which ap-
proximates the magnitude of thiazide
efficacy.

The present study was designed to
compare propranclol and hydrochlo-
rothiazide in a double-blind, con-

_trolled clinical trial to determine if

one drug is superior to fh\e other in
terms of efficacy, adverse effects, or

" both. We also sought to determine the

validity of the step-care algorithm in
that it calls for the administration of
diuretic as a step 1 drug to patients
with hypertension.

* SUBJECTS AND METHODS

This phase IV, double-blind, random-
ized, parallel study involved 906 patients
in seven VA Medical Centers. Nonhospital-
ized male veterans aged 21 to 65 years
with mild to moderate hypertension and
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an average untreated seated diastolic BP
of 95 to 114 mm Hg composed the study
population. Patienta previously treated for
hypertension underwent & two-week wash-
out period before the placebo period.

Patients with known hypersensitivity to
either propranolol, hydrochlorothiszide, or
other sulfonamide derivatives were ex-
cluded. In addition, the presence of any
one of the conditions listed in Table 1}
excluded a patient.

Informed consent for each patient was
obtained in accordance with US Depart-
ment of Health, Education, and Welfare
and VA guidelines. This study was
approved by a central evaluation commit-
tee and human research committee as well
as by similar committees in the participat-
ing medical centera. Safety criteria for
discontinuing patient participation in the
study are listed in Table 2.

After a single-blind placebo baseline
observation period of four weeks, 683
patients whose diastolic BP were 95 to 114
mm Hg and who were compliant for two
consecutive visits were randomized to one
of the two double-blind regimens (pro-
pranolol or hydrochlorothiazide). This was
followed by a ten-week dose-finding peri-
od, during which the clinic staff titrated
the blinded drug upward until goal BP (80
mm Hg diastolic or less) was reached.
Visits were scheduled every two weeks for
the first four titration steps and at weekly
intervals for the last two. Patients were
withdrawn from the study if diastolic
pressure on any visit was 120 mm Hg or
greater.

The code name for the identical-
appearing tablets containing either pro-
pranolol or hydrochlorothiazide was “pro-
pazide.” The six strengths of both prepa-
rations were referred to as propazide B, C,
D, E, F, and G. Propazide A was the
placebo used during the prerandomization
period. When propazide was propranolol,
the doses B to G were 40, 80, 120, 160, 240,

and 320 mg administered twice daily.

When propazide was hydrochlorothiazide,
doses B and C were 25 mg; D and E were 50
mg; and F and G were 100 mg adminis-
tered twice daily. Although patients were
generally advised to limit sait intake,
there was no systematic control of their
diet.

Patients were required to return their
medication bottles at each visit. The
remaining tablets were counted in another
room, and patients were deemed to be
compliant if they had consumed not less
than 80% nor more than 110% of the
prescribed number of tablets.

Trained observers, experienced in the
use of a mercury sphygmomanometer,
made all BP determinations. The fifth
phase, or disappearance of the Korotkoff
sounds, in the seated position was used as
the index of diastolic pressure. History
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“on  multichannel

Table 1.—Exclusion Criteria®

Qerum creatining lavel grester then 2.8 mg/dt
cless I

syndrome ‘
Atrial fibritation

Patients with primery cardiac vaive dissese

ANergic rhinitis during pofien season
disense

amphetamine, arxd Ns dertvatives
Colt dar die with the

A meen unirsated or post-washout disstolic pressurs > 114 mm Hg or <B8 mm Hy
Hypertensive retinopathy (K-W scaie) grealer than grade %
History of hypertensive encephalopathy or stroke within six monthe

Myocserdiel infarcion within six months or angine pectoris grester than New York Heart Assoclation
Sinus bradycardia (<380 baste per minute) or heart block greater than firet degres, or W.-P-W
Frank congastive heart faflure or teft ventricuiar tsllure svidenced by at least two of the following:

(1) recent dysprea or orthopnas not of puimonary origin; (2) ventricular dlastolic gallop;
(3) basal puimonary rales; and (4) cardiothoracic ralio greater than 0.8 -

Pationts with Raynaud's diseass or symplomatic and objective peripheral vascular dissase
Bronchial astbma or ohronic obstructive puimonery dissase

Pulmonary hypertension or frank right veniriculer fallure due %0 grimary or chronic pulmonary

Patienta recsiving adranergic augmaention psychotropic drugs Including MAQ inbibitors,

ption of rh

toid srtfwitis

Malgnency, including leukemie and lymph

Pheochromocytoma, primary aldosteroniam, or Cushing’s syndrome

Diabetes melitus if unstable, of preadult onsst, or requiving pharmscologic traatment
History or svidence of peychistrically & wed

MRuationsl, clink

depression

Patients with known gout

History of drug or narcotic abuss

Chronic conjunctivitis or psoriasis

Ny importamt mentsl

Patients reguiarly using transgandental meditations biofesdback relaxation, or simh

Severe aicobol abuse sufficient 1o interfere with comphance
Obeelty: pationts should be within 30% of expected weight/helght relationship for applicable ape

Patients who have not given written Informed consent

techniques

*K-W indicates Keith-Wagner scale; W-P-W, Wolll-Parkinson-White syndrome: MAD, monoamine

oxidase.

and physical examination were recorded,
and the chest roentgenogram, ECG, and
basic laboratory tests were performed
during the placebo period. The experimen-
tal BP was defined as the average diastolic
BP on the last t&o consecutive visits at the
same dose level.

Laboratory evaluations included a com-
plete blood cell count, urinalysis, and
biochemical profile. These were performed
automated analyzers
using the same methods for each hospital.
Five of the centers determined baseline
and stimulated plasma renin sctivity and
24-hour urinary excretion of sodium,
potassium, and creatinine, The remaining
centers performed modified glucose toler-
ance tests. These special tests will be the
subject of separate communications.

This study was designed by a committee
that included biostatisticians, some of
whom participated in the analysis of these
data and in the monitoring of the study.

Paired and unpaired Student’s { tests and

x' tests were used to assess statistically
significant  differences  (defined as
P < .05) between groups of data.

Patients who attained goal BP on two
consecutive vigits prior to titration to the
maximum dose of propazide (level G) were
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“rapidly advanced” to visit 10. All patients
reaching visit 10, whether by full titration
or rapid advancement, were entered into a
one-year chronic treatment phase if their
diastolic BP was less than 100 mg Hg and
if they were at least 6 mm Hg less than
their original baseline value at randomiza-
tion. A total of 394 patients (80.2% of 491
reaching visit 10) entered the chronic
treatment phase and are the subject of a
separate report. When there was less than
one year remaining in the study, 119 new
patients who reached the end of the dose-
finding phase were terminated because of
time limitations. A total of 610 patients
completed the dose-finding phase.

When patients were terminated from
the study, they were given a card of
blister-packaged tablets that gradually
tapered the propazide dose to zero in two
weeks. Blister cards were marked and
coded to begin at a dose one step below the
leve! at the time of termination.

RESULYS
Comparabillity of Groups

Of the 906 patients entering this
study, 683 (75.4%) met the require-
ments for randomization. The most
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Table 2. -—Criteria for Discontinuing Therapy *

Whaenever the patient decidet thet | s in hia best inferset 1o be withdrawn from the study

Whenever the ir igator ok LK) y or in the patient's best intereat

Bevers adverse affecte

Devsiopment of myocerdis! infarction or development of or worsening of angine pectoris

Bradycardia <40 beats pir minuts in sitting position ¥ symp! tic. ¥ ouy te, oorrinue
medication snd see in one week. ¥ bradycardia <wbnupnmmmmm
from the study

Development of bronchis! asthmsa

nmmawehn-mtmamwm

Dn t of tive heart Isliure. Inmamuch as this in one of the critical assessment events
and In order that obiocﬂvc data be obtained, s patient will be considersd 1o have congestive
‘heart tailure i two of the lollowing four findings are prasent: (1) significant dyspnee defined as
increasing sxertional dyspnea, orthopnes snd PND; (2) ankie sdema —grade 2 or more out of a
possible greds 4; (3) basilar ralea or pleural sftusion not dus to pulmonary dissase by x-ray fiim;

(4) ventricular diastolic gaBop (S-3).

Disascting hematoma of the aorts

Acute hypertensive ancephalopathy
Thrombocytopenic purpara or agranulocytosis
Greater than firat-degree AV block

Pulmonary embollem or kifarction
Paychiairically confirmed dapreasive siate

phenomenon

Development of rash, confirmed by dermatolog

New striate retical hamorthades in mors than one guedrant, new oottors wool sxudeles or .
paplisdema in optic fundi associated with hyperiension and not with diabetes or other tiseass.
This finding i to be confirmed by a second obeerver, preferably an ophthalmologiet

Ceretwral hamorthage, subarachnoid hemorrhage, or cerebral thrombosis

Serum creatining level graster than 2.6 my/dL and K0% higher than banefine
Development of symptomatic and objective peripheral vascular insufficiency or Ruymud .

fndings on eye axamination that the ophthal

@ ond L
Development of sye complaints with objective shit-tamp findings by ophthalmologist or objective

od to be drug induced

fogist cannot sxpisin on the basis of a routine

Patient talling to meet two cor

ophthaimologic diagnosis and that he fesis in any way could be relatnd lo the drug therapy
five clinlc app

intments without a lepitimate excuse or

Interruption of therapy for more than 21 days

chronic treatment phase
Seated diastolic BP > 119 mm Hg on cnyvtaﬂ

propazidet -

Patient falling to take at least BO% of the study medicalion on res consecutive visits during the

Severe, symptomatic hypotension with diastolic BP >80 mm Hg and on the lowesl dose of

-

*PND indicates paroxysmal nociurnal dyspnes; AV, atrioventriculer.
1 ‘Propazide™ was the code name for identical-appearing tablets containing eithar propranoiol hydrochio-

ride or hydrochlorothinzide.

common causes for prerandomization
dropout were noncompliance {uncoop-
erative or unreliable, 26%; pill count
violations, 16%) and BP above or
below the randomization criteria
(26% ). The 683 patients were random-
ized equally (340 to propranolol, 343
to hydrochlorothiazide), and the
groups were statistically alike in
regard to age, weight, race, and prior
treatment (Table 3), heart rate and
BP (Table 4), and baseline laboratory
data (Table 5). By design, randomiza-
tion within each clinic was also equal,
but some clinics had 2 higher percent-
age of blacks than others.

BP and Heart Rate Changes

Table 4 displays the effects of pro-
pranolol and hydrochlorothiazide on
BP and heart rate. Propranolol was
associated with a lowering of the
heart rate by 16 beats per minute,

1898 . JAMA, Oct 22729,
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whereas hydrochlorothiazide admin-
istration resulted in an increase of 2.7
beats per minute.
Both drugs effectively lowered both
. systolic and diastolic BP; hydrochlo-
“fothiazide was significantly more
effective for systolic (P<.001), but of
borderline significance as more effec-
tive for diastolic (P=.03). Hydrochlo-
rothiazide excelled over propranolol
significantly (P<.001) in lowering
systolic BP in the total group because
of its greater eflicacy in black
patients. Although hydrochlorothia-
zide was associated with a reduction
of systolic pressure 21 mm Hg more
than propranolo!l in white patients,
the diflerence was not significant.
Hydrochlorothiazide was also more
effective in reducing diastolic pres-
sure in the total group even though
propranolol was more effective by 1.7
mm Hg (P=.02) in the white

patients,
There was no significant difference

“in the number of patients who

achieved goal BP (propranolol, 57.0%;
hydrochlorothiazide, 64.1%). This
seemed, however, to result from a
balance of opposing effects. Propran-
olol was somewhat more effective in
whites (propranolol, 61.7%; hydro-
chlorothiazide, 55.3% ), but the differ-
ence did not achieve statistical signif-
icance; however, hydrochlorothiazide
was substantially more effective in
blacks (71.3% v 53.5%; P=.001).
Although there was no predeter-
mined systolic pressure defined as a
goal in this protocol, we examined the
percentage of patients with systolic
pressure equal to or less than 140 mm
Hg as another measure of drug effica-
cy. Hydrochlorothinzide was signifi-
cantly more effective (84.9% v 65.8%;

P<001) in the total group, in black

patients (87.7% v 64.1%; P<.001),
and in the white patients (81.6% v
68.0%;. P=.015). In contrast to these
between drug differences, there were
no significant racial differences in
systolic pressure goal effect within
each drug group. Propranclel was
associated with a systolic BP reduc-
tion to or less than 140 mm Hg in
64.1% of black patients and 68.0% of
whites, compared with 87.7% black
and 81.6% white associated with
hydrochlorothiazide.

Table 6 displays four negative
aspects of treatment with the two
drugs. The percent of patients re-
maining at or above 160 mm Hg
systolic or 100 mm Hg diastolic can be
taken as a measure of drug failure.
There were significantly fewer systol-
ic failures for hydrochlorothiazide,
with the greatest difference being a
94% failure rate for whites taking
propranolol compared with 1.4% for
whites taking hydrochlorothiazide
(P<.001). There were significantly
more diastolic failures in black
patients compared with white pa-
tients taking propranolol (176% v
86%; P=.04), but not in those taking
hydrochlorothiazide (7.6% v 10.6%).

One concern relevant to any treat-
ment mode is whether a substantial
number of patients have an effect
opposite to that intended. Table 6
displays the percentages of patients
who had an actual increase of 1 or
more mm Hg in.systolic or diastolic
pressure. Nearly one’ fifth of the

Propranoiol and Hydrochlorothiazide, Part 1—VA Study Group



Table 3. —Baseline Demographic Data and Prior Trestment Status *
Propranciol Hydroshioride
N 340 ) 343 -
Age, yv 408+08 A8 8200
Weipght, kg 8081180 8.7+ 14
% Bisck | 1% 4 859
Prior treatment status, %
No prior presoription 8.8 01
Diuretic slone 17.e 187
Mondiuretic slone (X - 82
Diuretic phst nondiurelic 82 %8
Unimown medicetion “2.1 a8

*Age and weight ars expressed as mean t SD. None of these differences is statiatically significant,

Table 4.—Baseline Data and EHect of Treatment on Heart Rate and BP*

Propranoiol [ 4
Hydrochloride Hydrochiorothlazide Vekmet
Heart rate, bpm 8 7604 10.4 767+ 118 NS
E 808+ 10.0 7044118 <001
Systoic B8P, mm Hg » 148.0¢ 14.4 1468+ 18.8 NS
E 13481768 T 22 <.001
Diastolic BP, mm Hg B 10168+4.8 1013848 NS
E 905178 80,4185 04
A Bystolic BP, mm Ha —10.44 12,8 -8 112188 <.001
w —~18.24 181 ~18.3% 12.0 NS
] . -8.90+12.9 ~20814 143 <.001
A Disstolic BP, mm Hg ~-108470 -~12.01 8.8 03
w —-128188 ~109+6.7 02
8 -0517.0 ~13.0+7.0 «<.001
% reaching goa! 810 84.1 NS
% whites at goat 81.7 85.3 NS
%% blacks al goel 833 7t.8 <001
% S 140 mm Ho aystolict es8 849 <.001
% white S5 140 mm Hg sysiolic} 8.0 818 018
% black X 140 mwn Hg systolic} 4.t 87.7 <.001

*Numbers are mean 2 SD. B indicates basstine; E, traatment end point: A BP=E-B; poal=BF <80 mm Hg

diastolic; bpm, beatls per minute,

1Comparison of propranciol v hydrochlorothiazide.

1Basaed on treatment endpoint pressures.

patients receiving propranolol in-
creased their systolic pressure, with

the bulk of these among blacks .

{24.1%) but still twice the number of
failures in whites for propranolol as
for hydrochlorothiazide. There were
far fewer patients who increased
their diastolic pressure; however,
there were significantly more such
failures in blacks taking propranolol
than whites (10.0% v 3.1%; P=04). If
only the patients who had an increase
of more than 10 mm Hg systolic are
counted, then 6.4% of the total pro-
pranolol and 0.3% of the total hydro-
chlorothiazide population would be
included. For white patients, 4.7%
receiving propranolol v 0.7% receiv-
ing hydrochlorothiazide had systolic
pressure increases of more than 10
mm Hg. The respective values for
black patients are 7.6% and 0.0%.

JAMA, Oct 22/29, 1982—Vol 248, No.

Only three patients experienced a
systolic BP increase in excess of 20
mm Hg. All were taking propranolol;
‘two were black.

The magnitude of diastolic pressure
increase was smaller. Six patients
{fve black) taking propranolo! had a
diastolic pressure increase of more
than 5 mm Hg v two black patients
taking hydrochlorothiazide.

The Figure displays the drug dose
required to achieve goal BP in all of
the patienis where diastolic BP was

reduced to less than 90 mm Hg on two -

consecutive visits, The first titration
. step of hydrochlorothiazide (25 mg
twice daily) controlled 52.0% of the
patients who achieved goal BP, com-
pared with 149% of the patients
treated with propranolol hydrochle-
ride who achieved control at the first
level (40 mg twice daily). The second

16
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level (50 mg twice daily) of hydrochlo-

.rothiazide controlled an additional

29.0% (81% for both doses combined),
while propranolol hydrochloride had
to be titrated to the fourth step (160
mg twice daily) to contro! a total of
80.2% of responders. It is interesting
that change of hydrochlorothiazide to
fevels C, E, and G, which effected no
actual change in drug dose, were
nevertheless associated with an in-
crease of 18.5%, 10.0%, and 9.5%
responders, respectively.

Terminations

A total of 73 (10.7%) of the patients
were dropped from the study after
randomization. Of these, 42 (57.5%)
were in the propranoclol group and 31
were taking hydrochlorothiazide. The

_difference was not significant. Termi-

nations were classified gs either med-
ical (adverse reactions, BP out of
control, intolerable symptoms, or se-
rious abnormal laboratory results) or
administrative  (interruptions in
treatment for more than 21 days,
uncooperative or unreliable in keep-
ing appointments, unrelated intercur-
rent illness, or withdrawal of con-
sent). Each termination was reviewed
by several different observers to try’
to determine that an administrative
termination was not more likely
owing to a medical reason {(eg, a
patient refusing to return because he
was having apparently intolerable
symptoms caused by propazide). Med-
ical terminations occurred in 13
(3.8%) of the patients receiving pro-
pranolol and six (1.7%) of the
patients receiving hydrochlorothia-
zide (x'=2.0036; P=.157). Termina-
tions related to propranolol were due
to diastolic BP greater than 119 mm
Hg in four, intolerable symptoms
such as lethargy, dreams, depression,
dizziness, nausea, blurred vision, and
headache in four, elevated blood glu-
cose levels in two, and one each of
skin rash, bronchospasm, and conges-
tive heart failure with wheezing. Ter-
minations related to hydrochlorothia-
zide were due to diastolic BP higher
than 119 mm Hg in two, intolerable
symptoms such as diuresis, weakness,
dyspnea, chest tightness, headache,
and fatigue in two, and abnormal
laboratory data in two. One of the
latter was a compulsive water and
beer drinker who had a history of
hyponatremia. A “flulike” syndrome
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Table 5.~ Serum Concentration of Selected Subsiances at Baseline and at the End of Drug Titration*
Prepeanciol Hydrochioride Hydrochioreithiaside
Tool T A rt w [} 4 AR » w » Pt rs
Urea nitrogen, 8 137237 146241 132£33 00t 1402390 182438 130338 <00t NS
mg/d E 148138 18.0+34 139+34 <001 187140 179248 1862240 NS < 001
E-B  1.1£31 <001 18233 07129 08 28244 <D0t 20240 34348 008 <004
Creatinine, ] 12202 e 12202 1.210.2 NS 12209 1.120.2 14202 NS NS
mg/a E 12202 ... 12202 12102 NS 12202 .. 1.24202 19409 002 NS
E-8 04102 003 03:0.2 04202 NS 07408 <001 02202 412038 008 NS
Potsssium, B 42104 427404 417204 02 42207 436400 417204 o1 NS
mEq/L E 44204 ... 4B1:D4 431203 <00t 36105 ... 340108 368108 006 < 001
- E~B 182 0.4 < .00t 24£0.4 13204 04 -687+089 =< 00t ~88%11¢ - 80+06 < 00t «.00%
Ghicose, 8 100%£23 108+23 set2s NS 100128 108+ 29 §w 002 NS
my/dL E 102420 107 £20 0+20 <00 108123 110221 102424 003 NS
E~-B 4017 <001 8218 3418 L] 40223 004 41920 ax 1 NS NS
Uric acid, B 84113 652+13 633+14 NS 0+ 1.4 867+13 £80+18 NS NS
mg/dL E a8+13 . s +12 858+ 1.3 NS 8017 e 794218 [ RIT RN ] NS <. 00%
E-B  21%10 NS 19109 223110 NS 147254 <001 138418 180+13 NS < .001
Calcium, B 98408 ... 0.44%08 980108 NS 99200 034407 987110 NS NS
mg/d. E 04204 ... 0931208 948204 007 06104 980204 071204 08 <001
E~-B 05108 NS ~.12408 -01208 NS 81£090 <001 28108 M2 10 NS  <.00%
Cholesterol, B, 22147 220+ 48 222447 NS 2244 47— i BG40 223148 NS NS
mgid 3 2171 48 - 221+ 48 2141 43 NS 231+ 48 234131‘ WL 48 NS < 001
E-B -82433 01 1438 -84314 NS 88430 <001 T2 4 | 10134 NS <.00t
Trigtycerides, B 1881140, 2084177 135498  <.001 1844 108 2224210 1844183 002 NS
mo/d E 191180 ... 2344180 1803101 <001 2202978 27848850 1721177 o002 NS
E-B 274131 <001 S1x173 27388 WS 341280 NS ' 584326 142281 NS NS
*Values ars given as mean + SD; B indficates baseline; E, experimental.
1P value for differance batween E and B for st pati in that treat t
$P vaiue for the diferances in E, B, and E-B belween white and black patients in thal treatment group.
§P value for the differences in B, €, and E-B between propranciol and hydrochiorothiaziie treatment group.
Table 8.— Selsctad Negative Parameters of BP Effect of Both Drugs®
Al Patients Propranolol
Hydrochioride . Hydrochlorothiaride
Orug Propranolol Hydrochloro-
Patients Hydrochioride thiagide P w » 4 w [ P
% DBP 2 100 13.8 90 NS (LX) 17.8¢ 04 108 7.8 NS
» SBP T 160 (R 1.8 <.001 0.4t T4 NS 14 1.8t Ne
% SBP} 19.8 1.1 <.001 14.1 24.1¢ 04 T 1.0t NS
% D8P} 1.0 8.4 . NS 3.1 10.0 04 8.7 4.7 NS
* P values are for the significance of the difference betwaen the pair to the laft. NS=P> .05. DBP indicates disstolc BP; SBP, systokic BP.

tindicates a significant diflerence between the stect of the two drugs in the same race,

developed, and he was discovered .to
have a serum sodium level of 108
mEq/L. Propazide administration
was discontinued. He responded to
treatment with normal saline and
was discharged feeling well. He was
subsequently rechallenged with hy-
drochlorothiazide, had successful re-
duction of his BP, and remained nor-
monatremic. Seven white and six
black patients taking propranolol
were withdrawn for medical reasons,
compared with five white and one
black patient taking hydrochlorothia-
zide.

Patient complaints will be dis-
cussed in detail in a separate report.
In essence, this study indicated that
there were no unexpected complaints.

2600
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Symptoms related to the CNS were
significantly more freguent in pa-
tients taking propranolol. Diarrhea
was more common with propranolol,
and constipation was associated with
hydrochlorothiazide. Both drugs were
associated with a low level of sexual
dysfunction, but significantly more
occurred in the patients taking hydro-
chlorothiazide; they also had more
complaints of decreased libido. Se-
lected laboratory values are displayed
in Table 5.

COMMENT

These data demonstrate that in the
short-term titration period studied,
hydrochlorothiazide was generally
more efficacious than propranolol in

lowering BP. An important part of
this effect was racial, with blacks
being more likely to respond to hydro-
chlorothiazide than to propranolol.
On the other hand, there was not
much difference in response to the
two drugs in the white patients. The
differences that were demonstrated
were in favor of hydrochlorothiazide
for systolic pressure and propranolol
for diastolic pressure. The diastolic
pressure difference may have been
caused by the lower heart rate, in
that more time was permitted for
diastolic runoff.

The obséervations on those patients
who had an actual increase in BP
suggest a potential risk, especially for
black patients treated with proprano-
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Distribution of drug dose required to achieve goal BP (<90 mm Hg). Only patients who actually
achieved goal BP are included. Numbers in bars indicate drug dose in miligrams. For
hydrochlorothiazide, lower of two identical numbers indicates first titration step, and higher
indicates second, or ‘“‘dummy,” litration step. "All” represents biack and white groups
combined. There was no racial effect in dose for propranclol hydrochloride, but there was
superior response {(P=.004) for black patients taking hydrochiorothiazide.

lol monotherapy. The risk was also
present for white patients, but to a
lesser extent.

One of the main reasons for initiat-
ing this study was the question of
whether or not it was appropriate to
begin the drug treatment of hyper-
tension with a diuretic routinely, as
had been proposed by the Joint
National Committee on Detection,
Evaluation, and Treatment of High
Blood Pressure,” or to begin with
a B-blocker. This empirical approach
is at odds with the more elaborate
volume-vasoconstriction scheme of
Laragh,’ who recommended that drug
therapy be selected on the basis of
renin profiling. If profiling could not
be done, he suggested that proprano-
lol should be used as the step-one
drug 3nd diuretic added only if it
failed. If the two drugs lowered BP,
propranolol could be withdrawn to
determine whether the BP would be
controlled with diuretic alone. Obvi-
ously, this schema is more compli-
cated and requires more patient visits
than the less individualized step-care
system. The data presented herein
seem to support the general use of

diuretic as a first-line drug, especially’

for black patients. Even in the white
population, diuretic seemed to have
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- hypertension in blacks.

little if any disadvantage with respect
to propranolol. ‘ .

Major studies on hypertension in
the United States have included a
large black population that is dispro-
portionate even to the fraction of
blacks in the United States. Studies
from Europe and the United Kingdom
tend to include few or no blacks, so
that the established habits on each
side of the Atlantic would tend to be
reinforced by their selection of pa-
tients.

Several other studies have sug-
gested that blacks are less responsive
to f-adrenergic blocking agents than
are whites.”™ Abson et al® could
induce significant BP reduction in
Zimbabwean blacks only with a high
dose (200 mg) of atenolol. The results
were also less favorable than in a
prior study of white patients.” See-
dat" compared atenolo! (100 mg) with
chlorthalidone (25 mg) in 24 Zulus.
Chlorthalidone produced a small ef-
feet and atenolol no effect, but the
combination was effective. He con-
cluded that “beta-blockers should not
be regarded as baseline treatment of

The mechanisms for the observed
differences in drug response are not
known. Examination of the prelimi-

nary data on 24-hour sodium and
potassium excretion shows that there
was no racial difference in sodium
excretion (and, therefore, consump-
tion), but that blacks excreted only

- about 60% of the quantity of potas-

sium excreted by whites. Possibly this
may be a reflection of a lower dietary
intake of potassium-rich fresh fruits,
vegetables, and lean meats by blacks,
but data are lacking to support this
point. The electrolyte excretion data
will be presented separately. There is
some evidence to suggest that a
reduced potassium intake in compari-
son. with sodium may contribute to
hypertension. For example, potas-
sium is said to have a natriuretic
effect.”” Watson et al” studied pooled
cross-section data from 662 black and
white females in regard to systolic BP
and urinary electrolyte excretion.
They found the urinary sodium/
potassium ratio to be directly related
to systolic BP and suggested a moder-
ating role for potassium. Luft et al®
conducted a detailed study of 347
normotensive black and white men
and women. The urine sodium/potas-
sium excretion ratio was higher in
blacks by about 50%, and blacks were
less efficient than whites in handling
an acute sodium load.

Many workers have explored the
reasons for the observed racial differ-
ences -in hypertension. Gillum® has
carefully reviewed data in regard to
differences in genetie factors and per-
sonal characteristics including skin
color, renal physiology, endocrine fac-
tors, autonomie nervous system func-
tion, cardiac function, and environ-
mental factors. He pointed out the
difficulties of separating specific fac-
tors from numerous confounding var-
iables. _

Plasma volume is more likely to be
expanded in blacks than in whites,
and plasma renin activity tends to be
lower® Mitas et al® studied blood
volume and plasma renin activity
(PRA) in 29 normotensive persons,
including 14 blacks, and 36 hyperten-
sive persons, nine of whom were
black. They found differences in vol-
ume and PRA between blacks and
whites that they believed to reflect
basie racial differences. On the other
hand, Messerli et al* studied 126
black and white patients with essen-
tial hypertension and found that,
when matched for age or level of
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arterial BP, systemic hemodynamics
were similar. They concluded that the
basic . pathophysiology of hyperten-
sion’ was not different in black
patients with essential hypertension.
Holland et al” used three methods—
intravenous furosemide test, ambula-
tion during placebo treatment, and
ambulation during spironolactone
and hydrochlorothiazide treatment—
to determine renin status in 26 black
hypertensive women. In only seven
did the three methods coincide. They
concluded that “since black women
with both low and normal renin activ-
ity are quite responsive to diuretics,
renin classification to guide initial
antihypertensive selection is not war-
ranted.”” Plasma renin data from our
study will be presented separately.

A curious absence of hypertension
seems to occur in blacks with sickle
cell disease.” This may be due to the
salt-wasting nephropathy of sickle
cell disease.

Other possibly important racial dif-
ferences include difference in the oua-
bain-resistant pathway of RBC cation
transport.” The difference in re-
sponse to drugs does not appear to be
related to differences in aldosterone
excretion” or plasm4d norepinephrine
concentration.®® It is possible that
blacks have some deficiency in the
kallikrein-kinin natriuretic vasodila-
tor system; however, the observed
differences might be due to other
factors such as dietary sodium and
potassium intake. White hypertensive

persons have greater dopamine-8-

hydroxylase activity than blacks.”
This study confirmed the relative
ease of titration with hydrochlorothi-
azide in that 80% of the patients
responded by the second titration
step, whereas four titration steps
above the initial dose with proprano-
lol were required to reach the same
goal. In practice, however, many phy-
sicians might not include the 240-mg
level and, thereby, would reduce the
number of steps to three. Also, it is
likely that patients who did not
respond to 320 mg of propranolol or
100 mg of hydrochlorothiazide would
have a “step-2” drug added rather
than continue the titration upward.
In the total group, an average of 268
mg of propranclol and 93 mg of
hydrochlorothiazide was required to
achieve control. White patients re-
quired an average of 269 mg of pro-
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pranclol hydrochloride, blacks 267
mg. White patients required 114
mg of hydrochlorothiazide, blacks 79
mg (P=.004). Thirty-eight patients
(19.0% ) who failed to achieve goal BP
while taking 100 mg of hydrochloro-
thiazide did achieve goal when they

received 200 mg. This suggests that

100 mg is not necessarily maximal.

Our observation of continued re-
sponse to hydrochlorothiazide on the
same dose after a dummy titration
step suggests that it is important to
provide enough time for a response to
hydrochlorothiazide before titrating
upward. Interim visits no doubt serve
to reinforee salt restriction, com-
pliance, and a sense of confidence in
the therapist, which are independent
of drug effect per se. Patients who are
nearing goal BP ought to be given
more time to respond rather than
being titrated upward at once or
having another drug added.

Considerable attention has been
paid to the metabolic adverse effecis
of both propranoloel and hydrochloro-
thiazide. Most studies that have
looked at these laboratory changes
have been cross-sectional studies of
changes induced by relatively acute
pharmacologic manipulation. This
study falls into that category. We
indeed did demonstrate statistically
significant increases in serum urea
nitrogen, uric acid, caleium, and cho-
lesterol levels with hydrochlorothia-
zide acutely as compared with pro-
pranolol over the short term. We
also observed a statistically signifi-
cant decrement in the serum potassi-
um lavel with hydrochlorothiazide,
whereas the potassium level tended to
increase with propranolol. The biolog-
ical significance of these changes ha
not been fully elucidated. :

The issue of hypokalemia perhaps
has been the one most vigorously
debated. If the work of Holland and
co-workers” showing an increase in
ventricular ectopic activity associated
with hypokalemia is confirmed, then
it would seem to be necessary to pay
considerably more attention to even
trivial decrements in serum potas-
sium. Indeed, Caralis et al* have
evidence that diuretics do increase
ventricular ectopic activity, but only
in a susceptible patient population
consisting of elderly patients with
identifiable, preexisting organic heart
disease.

The present data suggest that
many of the responders to hydrochlo-
rothiazide achieved their benefit at
low doses of the drug. Use of these
lower doses of diuretic should cause
less perturbation of serum potassium
levels.”* It is also possible that these
short- or intermediate-term cross-
sectional studies are not providing a
representative picture of long-term
maintenance therapy. Berglund and
Andersson®* demonsirated that in a
group of patients followed for six
years there were no material differ-
ences between the metabolic adverse
effects of propranolol and hydrochlo-
rothiazide. If this is true for the long
term, then it is possible that there
might be undue concern over the
short-term changes.

If the observations from an acute
study of the effects of ethanol con-
sumption on propranolol clearance”
can be extrapolated to habitual alco-
hol abusers, then an additional poten-
tial disadvantage of propranolol
might be identified. Ethanol inges-
tion increases metabolic clearance of
propranolol and decreases its antihy-
pertensive effect. The extent to which
this might have diminished the effi-
cacy of propranolol compared with
hydrochlorothiazide in our study is
not known.

Cost of drugs is a factor that may
be easily forgotten. In a federal hospi-
tal the cost of 50 mg of hydrochloro-
thiazide twice daily for 30 days is 60
cents, whereas the cost of 160 mg of
propranolol hydrochloride twice daily
for 30 days is $14.40 in 1982 dollars.
The actual cost to the patient in a
community pharmacy will vary, but is
usually much higher. '

CONCLUSION

This short-term trial of drug
monotherapy for patients with mild
to moderate hypertension demon-
strated that hydrochlorothiazide was
at least as effective as propranolel for
white patients and was superior to
propranolol in blacks. Furthermore,
hydrochlorethiazide proved less likely
to elevate BP in those patients who
did not respond to treatment and
required fewer titration steps to
achieve control than propranolel.
Nevertheless, what is good for groups
of patients does not necessarily
obtain for a given individual. Thera-
peutic decisions must continue to rest
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on specific indications, contraindiea-
tions, simplicity of titration, patient
acceptance, potential undesirable ef-
fects, and cost. )
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